Dynamic in the concentration of whey proteins in the mammary secretion of goats during the dry period  by Raimondo, R.F.S. et al.
D
m
R
J
a
M
b
U
c
C
A
R
R
A
A
K
S
S
L
A
I
D
1
b
f
a
(
m
b
(
(
0
hSmall Ruminant Research 113 (2013) 239– 246
Contents lists available at SciVerse ScienceDirect
Small  Ruminant  Research
jou r n al homep age : w w w . elsev ier .com/ locate /smal l rumres
ynamic  in  the  concentration  of  whey  proteins  in  the
ammary  secretion  of  goats  during  the  dry  period
.F.S.  Raimondoa,∗,  F.B.  Brandespima,1,  A.P.M.  Prinaa,1, S.I.  Miyashiroa,1,
.P.E.  Sautb,2, C.S.  Moria,1, F.C.  Pogliania,1, E.H.  Birgel  Juniorc,3
Departamento de Clínica Médica, Faculdade de Medicina Veterinária e Zootecnia, Universidade de São Paulo, Av. Prof. Dr. Orlando
arques de Paiva 87, São Paulo, SP 05508-270, Brazil
Faculdade de Medicina Veterinária, Universidade Federal de Uberlândia (UFU), Av. Pará, 1720, Bloco 2T, Campus Umuarama, Bairro
muarama, Uberlândia, MG  38400-902, Brazil
Departamento de Medicina Veterinária, Faculdade de Zootecnia e Engenharia de Alimentos, Universidade de São Paulo, Av. Duque de
axias Norte 225, Campus da USP, Pirassununga, SP 13635-900, Brazil
a  r  t  i  c  l  e  i  n  f  o
rticle history:
eceived 4 February 2013
eceived in revised form 7 March 2013
ccepted 9 March 2013
vailable online 6 April 2013
eywords:
a  b  s  t  r  a  c  t
To study the  dynamics  on  the concentration  of mammary  secretion  whey  proteins  of
goats  during  the  dry  period  eight  Saanen  goats  were  selected  through  traditional  meth-
ods  of  semiology.  The  mammary  secretion  was  assessed  eight  times  during  the  30-day  dry
period. Whey  was  obtained  by coagulating  mammary  secretion  with rennet.  Total  proteins
concentration  was  determined  by  the  biuret  method  and  protein  fractions  were  deter-
mined  by polyacrylamide  gel  electrophoresis  on a  12%  gel  (SDS-PAGE  12%).  There  was  anaanen goat
DS-PAGE
actoferrin
lbumin
mmunoglobulin
egradation of casein
increase  in protein  concentration  of  mammary  secretion  serum  proteins  during  the  dry
period with  changes  in  the  percentage  distribution  of  proteins  fractions,  accompanied  with
the appearance  of  new  fractions.  It  may  be concluded  that  involution  is  associated  with
increased  concentration  of  components  of the  innate  (albumin,  lactoferrin)  and acquired
(immunoglobulin)  system  and with  evidences  for  increased  degradation  of  casein.
© 2013 Elsevier B.V. Open access under the Elsevier OA license. . Introduction
The lactation in goats output increases quickly after
irth, reaching its peak in the second month then gradually
alling off. As in cows, goats are pregnant during lactation
nd are usually dried-off while at 250–300 days in milk
Jaudas and Mobini, 2006). At the post-pick descend stage
ilk yield gradually decline and these changes are asso-
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Open access under the Elsevier OA license. ciated with changes in secretory epithelial cell function.
After weaning, which coincide typically with the end of the
lactation cycle, the glands regress to its pre-lactating state
(Holst et al., 1987; Frandson et al., 2005). The ﬁrst stage
of involution (stage I) involves the widespread apoptosis
of the alveolar epithelial cells, which reverses the striking
growth of the glands during the previous cycle of prolifera-
tion (Lund et al., 1996). The secretion of components of the
innate immune system such as lactoferrin and many other
soluble components of the innate immune system are also
elicited at this stage (Silanikove et al., 2005).
The dry period is deﬁned as the period elapsed between
the end of lactation and the next birth. It is commonly
allowed dairy goats a two-to three-months of nonlactating
period before the next parturition. If it lasts more than
that, the goat will remain unproductive for too long,
and if it is shorter than that, an excessive stress on the
uminant240 R.F.S. Raimondo et al. / Small R
animal will negatively affect its offspring and possibly
the following lactation (Smith and Sherman, 2009). A rest
period is needed to prevent decline in the next lactation
and also permits production of colostrum for protection of
neonates. Colostrum’s IgG concentration varies according
to dry period length; goats with a 56 days dry period
present a colostrum’s IgG concentration of 44.4 mg/ml
compared to 5.6 mg/ml  in goats which were not given a
dry period (Caja et al., 2006).
As milking frequency decrease, the alveoli diameter is
reduced because of the reduction of secretory cells number.
Milk stasis causes accumulation of milk in the gland, ﬁlling
the storage capacity of the cistern and the development
of milk born negative signals that cause the disruption
of epithelial cells tight junction (Boutinaud et al., 2003;
Silanikove et al., 2006, 2010).
Then, on the second day after milking interruption there
is a reduction in the secretion of milk along with a decre-
ment of the oxygen, glucose and acetate supply to the
mammary gland, and from the fourth day on, the rate of
secretion become scant, and considerably different from
milk, resembling a serum-like secretion (Fowler et al.,
1991).
Structural changes increase vascular permeability in the
mammary gland and decrease secretion through the drying
process causing changes in the milk secretion composition.
In goats, after 3 days, mammary volume and intramam-
mary pressure are decreased and the milk composition
slowly changes to resemble that of extracellular ﬂuid, with
increased sodium, chloride, bicarbonate and potassium
concentrations and decreased levels of pH, lactose and cit-
rate (Fleet and Peaker, 1978). The milk protein content
did not differ through drying. However, the percentage of
casein was decreased (Weng et al., 2006).
In cows, changes in the protein composition of mam-
mary secretion during the involution of mammary gland
include decrease in milk speciﬁc proteins such as casein,
-La and -Lg (Hurley and Rejman, 1986; Aslam et al.,
1994).
The presence of substances such as albumin and plas-
minogen in milk in animals whose mammary gland
epithelial tight junctions are intact is a conundrum in view
that they are able to prevent the passage of ions, such as Na+
and K+ (Shamay et al., 2002). It has been shown that albu-
min, which conventionally has been considered derived
from blood plasma into milk, is produced and secreted by
bovine mammary gland cells as a component of the innate
immune system (Shamay et al., 2005). Recently, evidence
that plasminogen is secreted by mammary gland cells was
presented (Silanikove et al., 2013). Recent studies have
shown that the period preceding involution is associated
with metabolic and immunological adaptations in sheeps,
cows and goats and that this process is important for onto-
genesis of effective involution in terms of potential effects
on bacterial clearance efﬁciency (Leitner et al., 2011, 2012).
Furthermore, the adaptation responses were found to be
more pronounced in goats in comparison to sheep and cows
(Leitner et al., 2011, 2012). However, compared to bovine,
little is known on the dynamic of changes in the concentra-
tion of serum proteins in the mammary secretion of goats
during involution. The aim of the present experiment was Research 113 (2013) 239– 246
to evaluate if involution is associated with changes in the
concentration of whey proteins, in particular those asso-
ciated to the immune system as albumin, lactoferrin and
immunoglobulins.
2. Materials and methods
2.1. Animals and mammary secretion samples
Eight Saanen primiparous goats with milk yield of 2 L were selected
beforehand by systematic examination of the udders and its clinical his-
tory. Animals macroscopic characteristics, such as, ﬂakes or clots in milk
by  strip cup test and changes in the mammary gland by inspection and
palpation were not used. The animals were kept in pens with access to
sunlight, were fed coast cross hay twice a day and received concentrates
containing 14% crude protein in the morning. In the last milking, the aver-
age  lactation duration of lactation was  210 days and the average milk
production per mammary unit was 300 mL.  After milk sample collection,
the goats were dried off abruptly and with no administration of any intra-
mammary antibiotics. Food and access to water were kept and only the
milking was  suspended.
The mammary secretions were analyzed in eight different moments
during the 30 days of the dry period (last milking, and after 1, 3, 5, 7, 10, 15,
and 30 days of drying). Before each sample collection, teats were cleaned
with sodium hypochlorite solution (pre-dipping solution) and then were
dried with paper towels. Three aliquots were collected for use in differ-
ent  analyses. The ﬁrst aliquot (3 mL)  was collected in a sterile ﬂask after
asepsis of the teat oriﬁce using gauze soaked in 70% alcohol and after the
discard of the ﬁrst streams of secretion. The second aliquot (5 mL)  was col-
lected in plastic ﬂask and used to obtain whey. The third aliquot (40 mL)
was  collected in plastic ﬂask containing a bronopol-based preservative (2-
bromo-2-nitropropane-1,3-diol) and was  used to determine total protein.
The aliquots were transported to the laboratory under refrigeration.
2.2. Analytical procedures
The microbiological test was  carried out in blood agar plates and
read after 24, 48, and 72 h of incubation at 37 ◦C. Three mammary glands
that were positive in the bacteriological examination were excluded from
the study and was used a total of 13 mammary glands. The total pro-
tein was determined in an infrared milk analyzer (BENTLEY 2000®). The
whey was  obtained by coagulating the goats’ mammary secretion with
rennet (1 mL  of mammary secretion added 50 L of rennet) and its pro-
tein was  determined by the biuret method adapted for use in whey
according to Raimondo (2010) using the following equation: when pro-
tein  = (Absorbance − 0.005)/0.050.
The protein fractions in whey were determined by SDS-PAGE in
a  12% gel, according to Laemmli (1970), with samples prepared in
2-mercaptoethanol sample buffer and gel was stained with Comassie
Blue. Electrophoresis analysis was  performed with Vision Works LS soft-
ware (Image Acquisitions and Analysis Software – UVP). The detected
protein bands were identiﬁed using as standards some commercial puri-
ﬁed  proteins: lactoferrin, serum albumin, bovine immunoglobulin G,
human immunoglobulin A, -lactoglobulin (-Lg), -lactoglobumin (-
La) (Sigma, USA) and a molecular weight standard Precision Plus Protein
Standards Kaleidoscope (Bio-Rad® , USA).
2.3. Statistical analysis
A descriptive analysis of data (total protein, whey protein, albumin,
lactoferrin, heavy and light chains from immunoglobulins, -Lg, -La and
protein fractions with molecular weight between 30 and 44 kDa, 100
and 297 kDa, 11.0 ± 0.69 kDa, 67.0 ± 1.0 kDa) was performed and mean,
standard deviation and respective intervals with 95% conﬁdence were
obtained. For the inferential analysis, we ﬁrst conﬁrmed the hypothesis
that the data followed a normal distribution with Kolmogorov–Smirnov
test. The measured data were analyzed taking into account the goat and
the moments during dry period applying an ANOVA design with repeated
measurements (P ≤ 0.05) by using the following model: Yij =  + i + ˛j + eij
(i = 1,..., 40; j = 1,..., 7) in which  = mean of all data; i = is the effect of the
ith goat; ˛j = is the effect of the jth moments during dry period (group);
eij = represents the residual between quarters error. The means were com-
pared with paired Student’s t-test testing the paired differences between
R.F.S. Raimondo et al. / Small Ruminant Research 113 (2013) 239– 246 241
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Fig. 1. Dynamic in the milk serum protein fractions in the mammary secretion of goats during the dry period. Different letters show P ≤ 0.05 – paired
Student’s t-test.
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Fig. 2. Dynamic in the milk serum protein fractions in the mammary secretion of goats during the dry period. Different letters show P ≤ 0.05 – paired
Student’s t-test.
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each of the seven times during the dry period (1, 3, 5, 7, 10, 15, and 30
days) and the last milking.
3. Results and discussion
There was a progressive increase of total protein con-
centration in the mammary secretion during the dry period
in goat mammary glands (Fig. 1). Mean total protein con-
centration increased from last milking (32.10 ± 10.2 g/L)
until the 15th day of the dry period (54.50 ± 19.60 g/L),
mainly because of the milk serum proteins concentra-
tion increase (Fig. 1) that had mean concentration of
9.0 ± 5.66 g/L in the last milking and reached a peak of
38.43 ± 11.73 g/L on the 30th day of the dry period. Such
pattern in the dynamic of protein concentration was  not
observed in goats by Weng et al. (2006), but was observed in
previous studies in cows (Hurley and Rejman, 1986; Hurley,
1989; Aslam et al., 1994; Hurley and Junior, 2003; Shamay
et al., 2003).
SDS-PAGE proﬁles (Figs. 1, 2 and 3A–C) show increased
concentrations of proteins that belongs to the innate
(albumin and lactoferrin) and acquired (immunoglobulins)
immune system, as well as of the main whey proteins, -Lg
and -La, during the 30 days of the dry period analyzed in
this study.
In cows, the increase in the total protein during the
mammary gland involution (Hurley and Rejman, 1986;
Hurley, 1989; Aslam et al., 1994; Shamay et al., 2003) was
attributed to a decreased gland activity in the dry period,
with alterations in mammary secretion composition due
to decreased synthesis of casein, -Lg and -La (Hurley,
1989) and also to changes in cell junctions and increased
vascular permeability resulting in increased concentration
of blood serum proteins (Linzell and Peaker, 1971; Hurley,
1989; Boutinaud et al., 2003).
From the last milking to the 30th day of the dry
period, the -Lg concentration increased progressively
from 2.72 ± 1.49 g/L (in the last milking) to 7.92 ± 3.75 g/L
(on the 30th day) whereas the concentration of -La
slightly increased. And despite of their absolute concentra-
tion increase, the percentage of these proteins in the total
whey proteins decreased in the studied period. In the last
milking, -Lg (31%) and -La (21%) corresponded to more
than half of the whey protein (52%) while on the 30th day
of the dry period, they represented 27% of the whey protein
(-Lg, 20%; -La, 7%), which is consistent with Hurley and
Rejman (1986) and Aslam et al. (1994) in cows.Lactoferrin concentration represented 7% (mean
0.817 ± 0.504 g/L) of the whey proteins in the last milk-
ing then progressively increased after the third day
(1.20 ± 0.35 g/L), reaching the maximum concentration
Fig. 3. Base peak electropherogram of whey protein fractions in the mammary se
Albumin, E3 Ig heavy chain (52.0 ± 2.0 kDa); E4 Ig light chain (26.0 ± 1.5 kDa); E5 
and  297 kDa (277.0 ± 20.0 kDa; 204.0 ± 50.0 kDa; 152.0 ± 20.0 kDa; and 124.0 ± 20
K2  lactoferrin; K3 Albumin; K4 Ig heavy chain (52.0 ± 2.0 kDa); K5, K6 molecular w
weights equal to 43.0 ± 1.0 kDa; 39.0 ± 1.5 kDa; 36.0 ± 2.0 kDa; and 31.0 ± 1.0 kDa
period:  H1, H2, H3 molecular weight between 100 and 297 kDa (277.0 ± 20.0 kD
on  the sample, one or more fractions were observed); H4 lactoferrin; H5 molecu
KDa);  H8, H9, H10 molecular weights ranging from 30 to 44 kDa (depending on t
36.0  ± 2.0 kDa; and 31.0 ± 1.0 kDa); H11 Ig light chain (26.0 ± 1.5 kDa); H12 -Lg; Research 113 (2013) 239– 246
of 4.80 ± 1.59 g/L (12%) on the 30th day. The increased
lactoferrin concentration during the dry period is related
to its role in the mammary gland defense (Hurley and
Junior, 2003; Hiss et al., 2008). Lactoferrin is considered
as a defense ﬁrst line component against mastitis-causing
pathogens and has an important immunological role in the
mammary gland sequestering the free ferric ions making
them unavailable to iron-dependent pathogens (Sordillo
et al., 1997) and by binding to the bacteria cell wall causing
external membrane rupture of Gram-negative bacteria
(Ellison et al., 1988).
Albumin concentration in the last milking that was
0.98 ± 0.61 g/L, increased progressively from the 5th day
to the maximum concentration was observed on to at 30th
day of the dry period (2.87 ± 1.39 g/L).
2-mercaptoethanol that was  used in sample prepa-
ration causes proteins denaturation with rupture of the
disulﬁde bonds, which consequently divide the Igs into two
chains: heavy (52.0 ± 2.0 kDa) and light (26.0 ± 1.5 kDa)
chains (Fig. 3). Thus, it was  not possible to identify each
of the Ig classes separately and as their heavy and light
chains have nearly molecular weights, they are found
in the same position in SDS-PAGE. The concentration of
both Ig chains increased progressively throughout the dry
period. Hurley and Rejman (1986) found similar pattern
in the mammary secretion of cows, but related them to as
secretion-depended changes. In the last milking, the mean
concentration of Ig heavy chain was 1.16 ± 0.88 g/L and Ig
light chain, 1.48 ± 1.26 g/L. These Igs reached maximum
levels on the 30th day of the dry period, when mean Ig
heavy chain was equal to 5.01 ± 2.33 g/L, and mean Ig light
chain, 4.60 ± 1.92 g/L.
The appearance of new protein fractions during the
dry period also contributed to changes in the percent
distribution of protein fractions obtained by SDS-PAGE
(Fig. 3). These new fractions were not named and are pre-
sented by molecular weight (43.0 ± 1.0 kDa; 39.0 ± 1.5 kDa;
36.0 ± 2.0 kDa; and 31.0 ± 1.0 kDa). They appeared from the
third day of the dry period, between the Ig chains. As their
presence was  not constant in all samples, the fractions were
added and results were presented as protein fractions with
molecular weight between 30 and 44 kDa. Mean concen-
tration found on the third day was equal to 1.12 ± 0.45 g/L
that increased until the 30th day of the dry period (mean
5.13 ± 2.69 g/L).
From the ﬁfth day of the dry period, additional new frac-
tions were observed (277.0 ± 20.0 kDa; 204.0 ± 50.0 kDa;
152.0 ± 20.0 kDa; and 124.0 ± 20.0 kDa) and they were
located before the lactoferrin fraction. Depending on the
sample, one or more fractions were observed, and because
of their erratic behavior, the fractions were added and the
cretion during the dry period in goats. (A) Last milking: E1 lactoferrin; E2
-Lg; E6 -La. (B) 5 days of dry period: K1 molecular weight between 100
.0 kDa – depending on the sample, one or more fractions were observed);
eights ranging from 30 to 44 kDa (depending on the sample the molecular
); K7 Ig light chain (26.0 ± 1.5 kDa); K8 -Lg; K9 -La. (C) 30 days of dry
a; 204.0 ± 50.0 kDa; 152.0 ± 20.0 kDa; and 124.0 ± 20.0 kDa – depending
lar weight of 67.0 ± 1.0 kDa; H6 Albumin, H7 Ig heavy chain (52.0 ± 2.0
he sample the molecular weights equal to 43.0 ± 1.0 kDa; 39.0 ± 1.5 kDa;
 H13 -La.
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esults were presented as protein fractions with molecular
eight between 100 and 297 kDa. Their mean concen-
ration values on the 5th day of the dry period were
.107 ± 0.163 g/L and increased progressively until the
0th day (mean 3.47 ± 1.54 g/L).
From the 7th day of the dry period, a protein fraction
ith mean molecular weight of 11.0 ± 0.69 kDa appeared
mean concentration of 0.46 ± 0.38 g/L) and was present
ntil the 30th day when mean value was 1.07 ± 0.91 g/L.
Finally, between the 15th and 30th day of the dry period,
he presence of a protein fraction with molecular weight of
7.0 ± 1.0 kDa was observed between the lactoferrin and
lbumin fractions. This protein fraction showed a mean
oncentration of 0.72 ± 0.64 g/L on the 15th day of the dry
eriod and 0.84 ± 0.76 g/L on the 30th day.
When milking stops there is a change in the cell
unctions integrity and activation of the plasminogen-
ctivating system (plasminogen–plasmin) (Korycha-Dahl
t al., 1983; Politis et al., 1989, 1992; Aslam and Hurley,
997; Fantuz et al., 2001; Shamay et al., 2003), leading
o proteolysis, especially casein hydrolysis, which pro-
uces peptide fragments (Aslam and Hurley, 1997). In
oats, the plasmin, plasminogen, and plasminogen activa-
or activities increase are associated with deterioration in
he milk-clotting ability, probably due to casein hydroly-
is by plasmin (Fantuz et al., 2001; Shamay et al., 2002).
ecently, direct evidence that casein degradation in bovine
ammary secretion obstructs milk clotting, which refers it
o physiological mechanism to prevent milk clotting and
ncontrolled inﬂammation during milk stasis were pre-
ented (Merin et al., 2008; Fleminger et al., 2011, 2013).
Although casein had not been studied in the present
eport, these small protein fractions with different molec-
lar weights are indicative of casein hydrolysis, suggesting
hat the plasminogen-activating system is activated in the
ammary gland of goats. From the 5th day of the dry
eriod, when these protein fractions were observed to
ncrease more abruptly and were accompanied by the per-
entage increase of lactoferrin and the percentage decrease
f the major whey proteins -Lg and -La. In cows, the
asein fragments derived from proteolysis and activation of
lasminogen activator system were observed only after 7
ays of drying (Aslam et al., 1994; Aslam and Hurley, 1997).
he plasmin system has an important role in the mammary
land during involution and is associated with induction of
nvolution stage I in mice (Ossowki et al., 1979) goats and
ows (Shamay et al., 2002, 2003; Silanikove et al., 2005,
006, 2010).
. Conclusion
There are dynamic changes in the concentration of
ammary secretion whey proteins of goats during invo-
ution. These changes were reﬂected mainly by an increase
n the content of innate (albumin, lactoferrin) and acquired
immunoglobulins) immune system and with evidences
or increased degradation of casein. These changes most
ikely reﬂect the mammary gland need to deal with the
xtensive cell sloughing which characterizes involution
tage I, and with the need to clear existing bacterial infec-
ion or to prevent new infections during the dry period. Research 113 (2013) 239– 246 245
Further research applying wider array of biochemical
measures, metabolomic, immunogenetic and molecular
cell techniques is required to gain more information on the
role of the immune system in mammary gland involution
in goats.
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